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Description 

TECHNICAL FIELD 

The present Invention concerns a novel ap- 
paratus and method for separating a specific cell 
population from a heterogeneous cell mixture. 

BACKGROUND OF THE INVENTION 

In the field of cell separation, it is common to 
separate cells from plasma in blood and also to 
separate by centrifugation various types of cells 
such as red cells from white cells and the like. 
However, there is often a need to separate cells 
which are only slightly different from the other cells 
in a suspension thereof. If the cells are of nearly 
equal specific gravity, they may not be separated 
by centrifugation. 

For example, it may be desirable to isolate 
various types of leukocytes from a bone marrow 
concentrate or a peripheral blood stem cell con- 
centrate. It may be desirable to perform selective 
separation of neuroblastoma cells from a bone 
marrow concentrate. It may be desirable to selec- 
tively separate specific T-lymphocyte subset popu- 
lations (helper-inducer or suppressor-cytotoxic T- 
lymphocytes) from a lymphocyte concentrate that 
is prepared using a blood cell separator. 

Additionally, it may be desirable to selectively 
separate precursors of lymphokine activated killer 
(LAK) cells, tumor infiltration lymphocyte (TIL) 
cells, or activated killer monocytes, from lym- 
phocyte or monocyte cell concentrates or from a 
tissue cell preparation. 

US-A-4710472 discloses a device for removing 
magnetic bead-coated cells from a heterogeneous 
cell mixture using magnetic means. 

Magnetic separations of individual subsets of 
cells from larger populations in significant quan- 
tities become possible. This, in turn, opens up new 
vistas of research and therapeutic techniques, mak- 
ing use of the purified cell populations which may 
be obtained. 

The pre-characterising parts of claims 1 and 20 
contain features present in the disclosure of US-A- 
4710472, and the distinguishing features of the 
present invention are set out in the characterising 
parts of claims 1 and 20. 

Another current practice in the field for cell 
separation utilizes hollow fiber, flat sheet mem- 
brane or packed bed bead or particle matrix ma- 
terials with physically adsorbed or covalently at- 
tached chemicals or biochemicals for the selective 
cell separation from whole blood or the like. These 
devices are designed to allow continuous whole 
blood or blood component inflow and return. Since 
these devices operate at normal blood flow rates 



under conditions in which the concentration of de- 
sired cells can be very low compared with other 
cell types, the separation process is often not effi- 
cient. 

5 In this invention, an apparatus and a method 

are provided for selective separation of a specific 
cell population from a heterogeneous cell mixture. 
In a preferred embodiment, the heterogenous cell 
mixture may first be subjected to a means for 

70 obtaining a selective cell concentrate from the het- 
erogeneous cell mixture by separating the selective 
cell concentrate based upon the physical prop- 
erties of the concentrate. The selective cell con- 
centrate is used with the apparatus and method 

75 embodying the invention. Specifically, centrifuga- 
tion may be used as a first separation step. There 
are many different types of cell centrifuge systems 
for the separation of desired types of cells. 

In the preferred embodiment, a flexible, col- 

20 lapsible, aseptically sealed container is provided, 
having particle means inside, with the particle 
means preferably having chemically covalently at- 
tached thereto a substance capable of binding to 
the desired cells only, to the exclusion of other 

25 cells. Examples of such a covalently bonded sub- 
stance may include antibodies, antigens, proteins, 
glycoproteins, polysaccharides, or lipopolysac- 
charides. The particle means to be in long term 
contact with the container walls or the like. 

30 Means are provided for intimately contacting 

either the heterogenous cell mixture or the cell 
concentrate with the particle means within the con- 
tainer. This may simply be a flexible, aseptic con- 
duit system which communicates between the site 

35 of formation of the cell mixture orconcentrate and 
the container which has the particle means. Incuba- 
tion of the cell mixture or concentrate with the 
particle means may then be permitted, to cause 
selective binding of a specific cell population from 

40 the cell concentrate to the particles, creating a 
particle/cell conjugate. 

Then, since the new particle/cell conjugate will 
have significantly different properties from the re- 
mainder of the cells, it becomes an easy matter to 

45 separate them from other cells, by centrifugation, 
for example. Preferably, one may use particles 
which are paramagnetic, then effecting separation 
using magnetic members. 

The initial cell fluid volume may remain within 

50 the container during the incubation period, when 
binding to the particles takes place. Also, means 
may be provided for introducing additional volume 
of the cell mixture or concentrate into the container 
during the incubation period. 

55 After separation of the particle/cell conjugate 
from other cells, as described above, one may 
separate the specific cell population from the par- 
ticles or vice versa, for example by eliminating the 
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bond between the particles and the cells in known 
manner, so that a purified, selected population of 
cells may be provided for further use. Alternatively, 
the unbound cells may be the desired cells, being 
removed from the particle/cell conjugates. 

When the particles are paramagnetic, the par- 
ticle/cell conjugate may be retained in a fixed loca- 
tion by action of the magnetic members, as re- 
maining, unbound portions of the cell concentrate 
are removed from the location. 

The magnetic members which retain the par- 
ticle/cell conjugate define first and second spaced 
magnetic members, one being downstream of the 
other, so that the second, downstream, spaced 
magnet member can pick up any bound parti- 
cle/cell conjugate that is lost by the first magnet 
member, so that no particle/cell conjugate goes 
downstream with remaining cells. 

The magnetic members may be positioned ad- 
jacent to means for carrying and positioning the 
flexible, collapsible container which carries the par- 
ticle/cell conjugate, to permit at least one inner wall 
portion of the container to be within the magnetic 
field of a magnetic member. Thus, this inner wall 
portion serves as the fixed location at which the 
particle/cell conjugate is retained. 

Flat-pressing means may also be provided, to 
press the collapsible container flat while the inner 
wall portion is within the magnetic field, to facilitate 
separation of the particle/cell conjugate from the 
remainder of the cell concentrate. 

Specifically, the second magnetic member 
possesses a magnetic field that is shallower (ie, 
less extensive in distance) than the magnetic field 
of the first magnetic member, but stronger adjacent 
the magnet surface for stronger paramagnetic par- 
ticle retention. Preferably, the magnetic reach of 
the first magnetic member is substantially equiv- 
alent to the width of the fluid container being 
placed thereon. This ensures that the majority of 
the paramagnetic particles in the container will fall 
within the reach of the magnetic field and be drawn 
to the magnet surface. 

It is also preferred for the container which 
contains the particle means to be aseptically con- 
nected to a flexible, multiple-chamber insert mem- 
ber for a blood cell separation centrifuge. Such an 
insert member may be the disposable, blood-carry- 
ing, inner, flexible portion typically used in such a 
centrifuge. It may be integrally aseptically con- 
nected to the container, so that freshly collected 
blood cells may be aseptically transferred from the 
insert member to the container having the particle 
means, without any need of forming a sterile con- 
nection therebetween. This greatly simplifies the 
use, and also increases the likelihood that there is 
not breach of aseptic conditions. 



Also, a first container having the particle means 
may be aseptically connected to further flexible, 
collapsible container means, for receiving pro- 
cessed cells from the first container which contains 

5 the paramagnetic particle means, or particle means 
of another type, if desired. Typically, a second 
flexible, collapsible container is sealingly, asep- 
tically connected to and positioned between the 
first container described above and the further col- 

w lapsible container means. This may serve as a 
downstream catch area which is positioned against 
the second magnetic member described above to 
catch any particle/cell conjugate which escapes the 
first magnetic member against which the first con- 

75 tainer may be pressed during the cell separation 
operation. The second flexible, collapsible contain- 
er may preferably be of hexagonal shape with inlet 
and outlet ports at opposed corners, to cause gen- 
erally slow flow of cells through said second con- 

20 tainer relative to flow lines connected thereto. The 
flow line diameter is typically no more than one- 
fourth the width of the second container. Also the 
flow path, particularly through the second container 
during magnetic separation, should be of a very 

25 shallow depth, typically 0.508 mm to 2.54 mm 
(0.02 to 0.1 inch). 

Further in accordance with a preferred embodi- 
ment, one may practice a method which includes 
the following steps. Blood from the patient may 

30 either be collected in a first container or the patient 
may be connected to a blood separation centrifuge, 
the centrifuge being operated to form a cell con- 
centrate which is collected in the first container. 
The first container is sealed. If the particle means 

35 are not already in the container, they may be 
placed in the container in some aseptic manner, or 
an inner container positioned within the container 
may be broken from outside of the container to 
cause their release within the container. Thus the 

40 cells and the particle means are mixed. Then, the 
primary container is connected, if not already integ- 
rally connected, to the inlet of a clamped separa- 
tion set. The primary container and a desired sec- 
ondary chamber between the primary container 

45 and the rest of the separation set are both placed 
in magnetic separator means. A primary magnet 
attracts the particles of the particle means, which 
by now are bonded to the desired cells, to retain 
the particle means in the primary bag as the re- 

50 maining contents of the bag flow toward the sepa- 
ration set. The same principle takes place in the 
secondary chamber under the influence of a secon- 
dary magnet, to eliminate or greatly reduce the 
possibility of any of the particle means and at- 

55 tached cells flowing downstream with the rest of 
the contents of the primary container. 

A clamp is then opened and/or a pump ac- 
tuated to initiate flow from the primary container 
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through the secondary container and across the 
magnetic field of the secondary magnet, into stor- 
age containers of the separation set. The storage 
containers may then be sealed, followed by op- 
tional disconnection of the storage containers. 

Then the magnets may be removed and the 
adhering cells flushed, so that one or more storage 
containers may contain pure cell/particle conjugate, 
while other storage containers contain the remain- 
ing contents of the primary container. After this, a 
conventional process may be used to separate the 
particles of the particle means from their attached 
cells, with the cells then being separated by cen- 
trifugation or other desired means, such as filtration 
or magnetic separation, and sent to a container for 
storage of the pure cells. The means used to break 
the connection between the particles and the cells 
depends, of course, upon the specific bonding 
agent. For example, the particle means may be 
coated with a antibody for the specific desired 
cells, with the result that the cells bond to the 
particle means. Then, when the bond is to be 
broken, an appropriate reagent may be used to 
break the bond. 

An advantage of the method is use of the 
magnetic separating apparatus with a cell con- 
centrate in a batch process. In the cell concentrate 
the specific cell population to be separated is 
present at higher concentration, which tends to 
favor separation kinetics. Another advantage is that 
numerous unwanted blood cell types, in the situ- 
ation where blood cells are being separated, may 
have already been greatly reduced in number by 
the preliminary, typically centrifugal cell separation 
process, to reduce non-specific cell reactions. For 
example, the collection of a lymphocyte cell con- 
centration with minimal red blood cell, platelet, and 
granulocyte contamination may be effected using a 
blood cell separator. 

Additionally, introduction of the particles of the 
particle means to a cell concentrate under the 
conditions described above allows incubation to 
take place at constant volume conditions under 
storage within the container having the particle 
means. Thus, the incubation solution composition 
can be configured to more easily obtain favorable 
final incubation conditions for formation of the par- 
ticle/cell conjugate. These conditions may then be 
optimized for a specific purpose in a way which is 
far more versatile than otherwise. 

The subsequent separation of the particle/cell 
conjugate is also advantageously achieved, with 
separation times being faster, and fewer cell types 
in the original concentrate providing a final product 
with fewer non-desired contaminating cells. 

As previously stated, the material which is 
covalently attached to the particle means may be, 
for example, an antibody, antigen, protein, 



glycoprotein, polysaccharide, lipopolysaccharide. 
The material may also be a nucleic acid, a lipid 
molecule, or a synthetic or chemically modified 
component of such a substance which shows a 

5 selective binding affinity for the cell population to 
be separated. The methods used for the chemical 
covalent attachment of such are known and used in 
the production of coupled matrix material for affin- 
ity chromatography and other selective adsorption 

70 applications. Examples of such techniques of cova- 
lent attachment to sepharose, gelating, or other 
beads may be seen from the following articles: 
Habeeb, "A Novel Preparation of Immunoadsor- 
bents," Biochimica et Biophysica Acta , 673 (1981) 

75 527-538; Cambier, et al., "Isolated Phosphoryl- 
choline Binding Lymphocytes. I. Use of a Cleavable 
Crosslinking Reagent For Solid-Phase Adsorbent 
Isolation of Functional Antigen Binding Cells," Jour- 
nal of Immunological Methods , 51 (1982) 209-221; 

20 and Bonnafous, et al., "Ligands Immobilized 
Through Cleavable Mercury-Sulfur Bonds.: Journal 
of Immunological Methods , 58 (1983) 93-107. 

The solution in which the particle means may 
be suspended can be a buffered sale solution 

25 which may contain a protein such as albumin, and 
is compatible with the physiological requirements 
of the heterogeneous cell concentrate and the bio- 
logical binding material attached to the particle 
means. This solution may be configured in its 

30 chemical composition and properties to confer ste- 
rility to the substance which is covalently attached 
to the bead or particle. Furthermore, the solution 
may be configured in its chemical composition and 
properties such that when a bead or particle sus- 

35 pension is added to the heterogeneous cell con- 
centrate, the properties of the resulting mixture 
favor the formation of the bead or particle con- 
jugate. 

For example, the heterogeneous cell mixture or 

40 concentrate may be a bone marrow preparation in 
which the cells may be further concentrated in a 
cell concentrating centrifuge or the like. Addition- 
ally, the heterogeneous cell mixture can be a tissue 
derived cell suspension, or a cell concentrate pre- 

45 pared from peripheral blood using such centrifugal 
device. Examples of the latter are concentrates of 
platelets, lymphocytes, granulocyte, monocytes, or 
peripheral bone marrow stem cell preparations pre- 
pared with a blood cell separator such as the 

50 previously described CS3000 blood cell separator 
or Autopheresis-C device. 

The beads or particles used in the system may 
be selected for particular size and specific gravity 
properties so as to allow the subsequent separation 

55 of the beads or particle/cel conjugate from the 
unconjugated cells in the heterogeneous cell con- 
centrate using the centrifugal capabilities of a blood 
cell separator. A solution such as Ficoll-Hypaque or 
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Percoll might be used to facilitate this separation. 

The beads or particles of the particle means 
may be composed of any number of different ma- 
terials such as polystyrene, latex, plastic 
copolymers, glass, synthetically produced gel 
beads and the like. Preferably, such materials will 
possess good mechanical properties to prevent 
flaking or fracturing of the beads or particles, and 
will allow chemical covalent attachment with ease. 

It is further preferred for the beads or particles 
to be formed around a magnetite particle, for ex- 
ample, to allow separation of the bead or par- 
ticle/cell conjugate using magnets, as described 
above. For example, particles may be produced in 
accordance with the methods as described in EP- 
A-0344270 

The typical size of the particle means used in 
this invention may be from about 2 to 10 microns, 
preferably about 3 to 5 microns. The particles may 
be added in a liquid suspension, forming a typically 
dark sludge-like material. 

On the order of 10 ml. of such liquid suspen- 
sion may be placed in the bag which is to receive 
the cells for separation typically including one hun- 
dred thousand to 20 billion particles. In the event it 
is undesirable for any reason for the particles to 
remain in the bag for an excessively long time, 
due, for example, to interaction with the bag wall, 
they may be added separately to the bag by con- 
ventional means such as using a sterile connector, 
or they may reside in a frangible container within 
the bag, to be broken when their use is desired so 
that they enter the bags interior from the frangible 
container. 

As stated above, the various containers used in 
this application are preferably integrally linked to- 
gether in their initial manufacture so as to avoid the 
need for sterile connection during the processing. 
However, they may also be connected together 
with sterile connectors, numerous designs of which 
are well-known, for example, those of U.S. Patent 
No. Re. 32,056. 

The Dynal Company of Great Neck, New York 
manufactures paramagnetic microbeads which may 
be used in accordance with this invention. 

For a typical blood cell separation, the number 
of microbeads of the particle means used may 
number from about a hundred thousand to one 
billion. It has been found, when making use of a 
primary and secondary magnetic separator as de- 
scribed above, that the removal of microbeads and 
the cells attached to them from a cell suspension 
may be quantitative, with virtually no microbeads 
found in downstream effluent after passage through 
the magnetic separation apparatus. 



DESCRIPTION OF THE DRAWINGS 

Figure 1 is a partially schematic plan view of 
apparatus for selectively separating cells. 
5 Figure 2 is a perspective view of part of a 

magnetic separation device used with the appara- 
tus of Figure 1 . 

Figure 3 is a perspective view of another part 
of magnetic separator used with the apparatus of 
70 Figure 1 . 

Figure 4 is a perspective view of the separation 
system in operating position. 

Figure 5 is a plan view of a compound magnet 
used in the magnetic separator of Figures 2-4. 
75 Figure 6 is an end view of the magnet of 

Figure 5. 

Figure 7 is an end view of a second compound 
magnet used in the magnetic separator of Figures 
2-4. 

20 

DESCRIPTION OF THE SPECIFIC EMBODI- 
MENTS 

Referring to Figure 1, a disposable system 10 
25 is disclosed for separating an individual population 
or populations of cells from a heterogeneous cell 
mixture. 

Cell concentrator portion 12 which may be 
used withthis invention is schematically shown and 

30 may be of a design as shown in U.S. Patent Nos. 
4,379,452 or 4,410,026, or may be any cell con- 
centrator member usable in any known apparatus 
for the concentrating of cells. For example, the 
CS3000™ separation system sold by Baxter Heal- 

35 thcare Corporation may be used, or the Auto- 
pheresis-C™ separation system, sold also by Bax- 
ter Healthcare Corporation, or any other desired, 
similar device, may be used. 

At outlet port 14 of concentrator system 12, a 

40 desired population of cells may be provided, for 
example lymphocytes, separated in concentrator 
system 12 from whole blood. The lymphocytes, 
perhaps mixed with other white blood cells, pass 
through flexible conduit 16 into flexible, collapsible 

45 container 18 of generally conventional design, 
which contains the particle means of micron-sized 
particles including a paramagnetic material such as 
ferric oxide, coated with plastic such as polymethyl 
methacrylate, which, in turn, is further coated with 

so an antibody or other cell bonding agent to the 
specific marker proteins in the cell wall of a given 
category of leukocytes, so that the leukocytes and 
particles 20 selectively bond to each other, to the 
exclusion of the remaining leukocytes and other 

55 cells. 

The apparatus of this invention also carries 
flexible tubing 22 which communicates between 
flexible, collapsible container 18 and a flexible col- 
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lapsible container 24 communicating with tubing 22 
at one end and communicating with an outlet tub- 
ing 26 at this other end. Tubing 26 branches into 
tubings 28, 30 each of which connects to another 
flexible, collapsible container 32, 34. 

While cell concentrator portion 12 is preferably 
integrally connected to flexible container 18, the 
connection may be made by a conventional sterile 
connector system, if desired. Additionally, the par- 
ticles 20 may be stored either outside of container 
18 and connected with a sterile connector system, 
or they may be placed in a frangible container 
inside of bag 18 with the container being breakable 
on use so that the particles 20 do not have an 
excessive amount of time to interact with the bag 
walls, in the event that some adhesion may take 
place there. Of course, the particles 20 may reside 
freely within the bag if the particles do not interact 
with the bag wall. 

After the cells have been separated and con- 
centrated in separation apparatus 12 and conveyed 
to bag 18, the primary, cell-containing container 18 
may be sealed by heat sealing of line 16 and by 
operation of clamp 36 (although clamp 36 may be 
closed at an earlier stage of the operation). If the 
microbeads or particles 20 are not already added 
to the container, they may be so added at this 
time, followed by gentle mixing of the contents of 
the primary container: specifically, the cells and the 
microbeads or particles. At this time, bonding takes 
place between the particular cells selected and the 
antibody coating of the particles or microbeads 20. 

Following this, if container 18 is not integrally 
connected, as shown, with the downstream set 
portion of this invention beginning with chamber 24 
and including bags 32, 34, such connection may 
be made in sterile, aseptic manner by conventional 
means, for example, by use of a sterile connector 
system of known design. In the preferred embodi- 
ment shown in Figure 1, the various components 
are integral to avoid the inconvenience of connec- 
tion and the risk of contamination of the container 
contents. 

Following this, containers 18 and 24 are placed 
into magnetic separator 40, which is shown in 
various aspects in Figures 2-7. 

Separator 40 carries upper base member 42 
which carries magnet assemblies 44, 46. Upper 
rotatable, hinged presser member 49 comprises a 
flat undersurface portion 50, and carried by base 
42, overlying in its closed position magnet 46. 
Upper base member 42 thus provides two spaces, 
respectively against magnet 44 and magnet 46, 
which are respectively proportioned to receive bag 
18 and bag 24. Channel 47 and space 48 provide 
room for tubing 22, while channel 51 is provided to 
receive tubing 26. 



Additionally, lower base member 52 is propor- 
tioned to receive upper base member 42 in cradle 
area 54 so that tubing 26 can be connected to 
roller pump assembly 53 for controlled pumping 
5 flow of cells out of bag 18, through intermediate 
bag 24, and into one or the other of containers 32 
or 34. 

Hinged cover 56 is positioned to be brought 
down on top of bag 18 as installed in upper base 

w member 42. Upper rotatable hinged presser mem- 
ber 49 presses down in similar manner on flexible 
chamber 24. The purpose of particularly presser 
member 49 is to provide precise definition of the 
thickness of the flow path of chamber 24 during 

75 processing to cause the flow path across the asso- 
ciated magnet 46 to be of very shallow depth, for 
example, about 1.27 mm (0.05 inch). Similarly, 
magnet 44 is positioned to associate with chamber 
18. As will be described more fully herein, the 

20 magnets 44 and 46 are designed to provide suit- 
ably configured magnet fields to capture and retain 
paramagnetic particles passing through the con- 
tainers positioned thereon, respectively containers 
18 and 24. In this regard magnetic 44 will possess 

25 a greatermagnetic field reach than magnetic 46 in 
order to capture a larger percentage of particles. 
This places the cells passing therethrough into a 
position to be strongly influenced by the fields 
generated by magnets 44, 46. Thus, those cells 

30 bonded to magnetic beads will be retained adja- 
cent one or the other of the magnets. 

One advantage for using a magnetic separator 
apparatus 40 having a separable upper base mem- 
ber 42 is that upper base member 42 may be 

35 refrigerated to a temperature on the order of 4° C. 
prior to use. Thus, the cold magnets keep the cells 
cold during operation, as well as providing some 
increase in magnetic field strength. The cold cells 
are less active and better preserved. Also, at low 

40 temperatures, non-specific cell interactions with the 
paramagnetic beads can be reduced. For example, 
phagocytes present are less active in ingesting 
available beads when kept at low temperatures. 
When containers 18, 24 are lying on magnets 

45 44, 46, clamp 36 may be opened, and pivotable 
pressure member 56 may be gently closed to 
press the container 18 flat and to press the cells 
and their carrier liquids out of bag 18, which rests 
upon magnet 44. Presser 56 may also contain 

50 magnetizable metal strips that are sized and posi- 
tioned so that they are magnetically pulled to the 
magnet 44 in a way such that the plastic bag 18 is 
squeezed and the efficient flow from the bag is 
controlled and relatively constant. Alternatively, the 

55 roller pump 53 may be activated to cause the cells 
and their carrier liquids to flow out of bag 18. As 
the cells and their carrier liquids flow through tub- 
ing 22, the magnetic field from magnet 44 attracts 
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the particles or microbeads 20, and the cells to 
which they are bonded, causing such microbeads 
20 to be generally firmly affixed against the inner 
wall 57 (Fig. 6) of bag 18 that is closest to magnet 
44, holding the particles 20 and their attached cells 
as the remaining cells and suspension liquid pass 
through tubing 22 out of bag 18. 

If any particles 20 and attached cells escape 
the first magnet 44, they may be caught by the 
interaction between container 24 and second mag- 
net 46, upon which it lies, being retained against 
inner wall 59 (Fig. 7). Even under significant flow 
conditions, the enlarged container 24 exhibits rela- 
tively slow flow conditions through it. Hinged press- 
er member 49 contains four metal bolts 81 that are 
sized to hold the pressor member 49 in place with 
the proper spacing and mount of magnetic force. 
The surface 50 of presser member 49 is precisely 
machined to precisely define the thickness of the 
flow path through container 24. The shallow depth 
of this flow path causes any particles or micro- 
beads present to drift into the influence of the 
magnetic field of magnet 46, to be retained on the 
inner wall 59 of container 24 as the remaining cells 
and liquid flow by, out of container 24, through 
tubing 26, into bag 32, for example. In such a 
circumstance, tubing 30 may be clamped off to 
keep bag 34 empty. 

Then, when pressure member 56 has been 
used to squeeze all possible liquid and cells out of 
bag 18, a small amount of cell-compatible suspen- 
sion liquid may be passed through the system, via 
sterile connector port 61, priming line 33, or an- 
other integrally connected container, to flush the 
remaining cells which are unattached to paramag- 
netic particles through the system into bag 32. 

Then, tubing 28 may be closed, and tubing 30 
opened by conventional clamp means. The system 
may be removed from the field of influence of 
magnets 44, 46, and, more suspension/solution 
may be passed into container 18, to flush the cells 
which are bound to particles 20 through tubing 22, 
through chamber 24, picking up any bound cells 
retained there, and into container 34. 

Then, containers 32, 34 may be separated 
from the system by sealing and severing of tubings 
28, 30 in conventional manner, with the desired 
particular population of cells being separated out 
from the main body of cells, and placed in separate 
container 34 for separate use. 

As stated above, magnet 44 is designed to 
possess a greater magnetic field reach than mag- 
net 46. Preferably, this magnetic field reach is at 
least equal to about three-quarters of the width of 
the container 18, and more preferably substantially 
equivalent to such width. This ensures that a major- 
ity of the paramagnetic particles within container 18 
are captured by the magnetic field and drawn to 



the surface of magnet 44. Accordingly, magnet 44 
will have a magnetic field reach of from about 12.7 
to 25.4 mm (one-half to one inch), preferably, 12.7 
to 19.05 mm (one-half to three-quaters of an inch). 

5 Typically, magnets having greater magnetic 

field reaches possess lower surface field strengths. 
One particle magnetic assembly which provides 
the desired magnetic field reach, but retains sub- 
stantial surface field strength will be described with 

w reference to Figures 5 and 6. Magnet assembly 46 
may be made of similar construction. Magnet as- 
sembly 44 is shown to comprise a stack of bar 
magnets 64 which are separated by, and in contact 
with, steel pole pieces 66. As a particular advanta- 

75 geous feature, the like poles of adjacent bar mag- 
nets 64 in the stack face each other and particular 
pole piece separating them. This is demonstrated 
by the letters "N" and "S", each of which indicate 
the combined north poles or south poles of the 

20 respective magnets which are facing each other. 
The bar magnets 64 define long sides 68 and ends 
70, and north and south poles of the bar magnets 
being defined along an opposed pair of long sides 
as shown in Figure 5. Preferably, the bar magnets 

25 are made of a high magnetism alloy of 
neodymium, iron and boron. In Figure 5, the face 
72 of the magnet assembly shown rests in use 
against an outer wall of bag 18 so that the mag- 
netic field from magnet assembly 44 passes into 

30 container 18, for retention of particles 20. 

Turning to Figure 6, an end view of magnet 
assembly 44 is shown, with face 72 being the face 
that is displayed in Figure 5. As shown, magnets 
64, separated by pole pieces 66, rest upon a non- 
35 magnetizable aluminum plate 74 or the like, to 
support the respective magnets and pole pieces. 

It can also be seen that pole pieces 66 each 
define an angled groove 76 along parallel end 
faces which are spaced from bar magnets 64, and 

40 which are opposed to face 72 of the assembly 44, 
which face is the fixed location for retaining the 
particle/cell conjugate formed through the para- 
magnetic particles as in this invention. 

The bar magnets 64, pole pieces 66, and sup- 

45 port plate 74 may be bonded together in any 
conventional manner with non-magnetic cement, or 
making use of appropriate clamps or retention 
straps. Appropriate magnets for use herein may be 
obtained from the Crucible Magnetics Co. of 

so Elizabethtown, Kentucky. Magnet assembly 44 con- 
tains magnets 64 that are 12.7 mm (.50 inch) thick 
and pole pieces 66 that are 6.35 mm (.25 inch) 
thick. This generates a magnetic field that has local 
maxima of 7000 to 9100 gauss (average 8300 

55 gauss) at the surface of the magnet and which 
decreases to 1100 to 1700 gauss (average 1400 
gauss) at a distance of 1 cm. from the magnet 
surface. This magnet assembly gives both a rela- 



7 



13 



EP 0 438 520 B1 



14 



tively strong magnetic holding force at the magnet 
surface and a relatively good magnetic "reach out" 
force to capture beads some distance (up to 25.4 
mm (1 ")) from the magnet surface. 

Magnet assembly 46 contains magnets 64 that 
are 6.35 mm (.25 inch) thick and pole pieces 66 
that are 2.54 mm (0.1 inch) thick. This generates a 
magnetic field that has local maxima at the magnet 
surface ranging from 7300 to 8000 gauss and 
which decreases to 80 to 500 gauss at a distance 
of 1 cm from the magnet surface. Compared to 
magnet assembly 44, magnet assembly 46 has a 
stronger magnetic holding force at the magnet sur- 
face, but has less magnetic "reach out" force and 
thus has a shallower magnetic field. The second 
flexible container 24 is designed to take advantage 
of the particular magnetic field of magnet 46. First 
container 18 is shown to rest on magnet assembly 
44 for cell separation. 

Accordingly, the system isolates in an aseptic, 
simplified manner, a particular subclass of con- 
centrated cells, which may be separated as shown 
for any desired purpose. 

EXAMPLE 1 

This example illustrates a specific application 
of the apparatus and method of this invention in the 
separation of T-helper/inducer lymphocyte cells 
collected from whole blood. 

Preparation of Mononuclear Cell Suspension: 

Approximately 500 ml. of whole blood was col- 
lected into a standard Fenwal Sodium Citrate Dou- 
ble Blood Pack and divided between the two packs 
to give 290 ml. in each pack. Hespan Hetastarch 
(55 ml.) was added to each pack, and the contents 
mixed by gently tilting of the pack in a back and 
forth motion. The red cells were allowed to settle, 
and the plasma layer which contains mononuclear 
cells was transferred to a standard Fenwal 600 ml. 
transfer pack using a Fenwal plasma extractor and 
standard transfer tubing set. The transfer pack was 
centrifued to pellet the cells from the plasma, and 
the plasma was transferred to another transfer pack 
using the plasma extractor. The cells were re- 
suspended by adding 80 ml. of Hanks Balanced 
Salt Solution (HBSS) which 10 percent Fetal Calf 
Serum and gentle titling of the bag back and forth. 
An aliquot of the cell suspension was counted in 2 
percent acetic acid and used to calculate a total 
cell harvest of 2.8 x 10 9 mononuclear cells for the 
cell suspension. After counting of the cells, an 
additional 100 ml. of HBSS was added to the 
transfer pack, and the cell suspension was mixed. 
One-half of the cell suspension was transferred to a 
second transfer pack to give a total of about 1 .4 x 



10 9 mononuclear cells in 100 ml. HBSS in each 
bag. 

Preparation of Paramagnetic Beads Bonded With 
5 Antibody 

About 1 gram of paramagnetic beads (Pandex 
beads with amino surface functional groups) were 
washed five times with saline solution and re- 

io suspended in 20 ml. of saline in a 50 ml. glass test 
tube. Freshly prepared N-succinimidyl-3-(2-pyridyl- 
dithio) propionate (SPDP) comprising 1.0 ml. of 20 
millimolar solution of SPDP and absolute ethanol, 
was added to the test tube. The tube was rotated 

75 end-over-end for 30 minutes at 4° C. to form 3-(2- 
pyridyldithio)-propionyl-derivitized beads. The 
beads were collected by magnet and washed five 
times with 20 ml. aliquots of phosphate buffered 
saline. The beads were then suspended in 20 ml. 

20 of 50 millimolar dithiothreitol in sodium acetate (0.1 
Ml buffer, pH 4.5) and incubated with end-over-end 
rotation for 30 minutes at 4* C. to form the thiol 
derivative. The bead preparation was then washed 
five times in phosphate buffered saline, collecting 

25 the beads with a magnet after each wash. Finally, 
the beads were resuspended in 20 ml. of phos- 
phate buffered saline. 

Mouse anti-Leu 3a antibody (type CD4 anti- 
body-2mg. in 2 ml. phosphate buffered saline) was 

30 added to 0.1 ml. of 20mM SPDP in absolute 
ethanol. The mixture was dialyzed overnight 
against 500 ml. of phosphate buffered saline. 

The resulting antibody solution was added to 
the derivitized bead suspension in a 50 ml. glass 

35 centrifuge tube. The tube was rotated end-over-end 
overnight at room temperature to cause coupling of 
the antibody to the beads. Then, the beads were 
washed five times with phosphate buffered saline 
and resuspended in 30 ml. of phosphate buffered 

40 saline. 

Thus, while the created antibody carries 
pyridyldithio active groups, the beads, because of 
their dithiothreitol treatment, carry bound sulfhydryl 
active groups. Accordingly, upon being brought 

45 together, the antibody and the beads become 
chemically bonded together through a disulfide 
linkage resulting from a condensation reaction, with 
2-thiolpyridine being split off as a by-product. 

so Coupling of Mononuclear Cells to CD4 Antibody 
Bonded To Beads 

Approximately 300 mg. of the antibody-bonded 
beads prepared as above (7 x 10 9 beads) were 
55 added to each bag of cell suspension prepared as 
previously described, using a 20 ml. syringe with 
attached 21 gauge needle. The resulting suspen- 
sion had about a 5 to 1 bead to cell ration, and was 
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gently mixed, being then placed on a Cole-Parmer 
rotator at a setting of 4 for 30 minutes at 4 • C. The 
bag 18 (Fig. 1) containing the bead and cell sus- 
pension was connected to a 600 ml. Fenwal trans- 
fer pack 32 through tubing 22, 26 which commu- 
nicates through an enlarge chamber 24, as also 
illustrated in Fig. 1. Bag 18 was also connected 
through the priming line 33 of the tubing set to a 
1,000 ml. bag of physiological saline solution to 
allow priming of the set between container 18 and 
the empty transfer pack 32. 

After priming the resulting interconnected bags 
system was installed into upper magnet tray 42 as 
shown particularly in Fig. 2, with bag 28 being 
placed in area 44, and container 24 being placed in 
area 46. The appropriate tubing 22 was stored in 
area 48, passing through channel 47, while tube 26 
was installed in channel 51, and threaded through 
roller pump 53. The respective magnets 44, 46 
were prechilled to about 4° C for continued cooling 
of the cells. Hinged covers 49, 56 were then 
closed, with the upper tray 42 installed on lower 
tray 52 (Fig. 4). 

After about 5 minutes had elapsed, to allow 
complete bonding of the appropriate cells to the 
beads through the bonded CD4 antibodies, and to 
allow maximum capture of the resulting bead-cell 
conjugates at the inner surface of bag 18 adjacent 
magnet 44, roller pump 53 was actuated to pump 
at a rate of 10 ml. of fluid per minute into collection 
bag 32. Any bead-cell conjugates that escaped 
from bag 18 were subjected to the influence of 
secondary magnet 46 in bag 24, to be captured on 
the inner surface of chamber 24 adjacent that mag- 
net, while cells which were not so bonded to the 
beads flowed out with fluids to collection bag 32. 

After substantial emptying of bag 18 and con- 
tainer 24 of fluids, the bead-cell conjugate in bag 
18 was resuspended in 100 ml. of physiological 
saline, while removing bag 18 and container 24 
from their seating on the respective magnets, and 
closing flow through tubing 26 while so doing. 
Following this, bag 18 and container 24 were rein- 
stalled in their positions on upper magnet tray 42, 
and the suspending saline solution withdrawn from 
bag 18 by roller pump 53, as before, through 
tubing 26 into collection bag 32, along with any 
remaining cells which were not bonded to a para- 
magnetic bead: 

Then, bag 18 and container 24 were once 
again removed from the influence of the magnets, 
after closing off flow through tubing 26. The bead- 
cell conjugate in bag 18 and container 24 was 
resuspended in 100 ml. of physiological saline con- 
taining 25mM dithiothreitol to break the bond be- 
tween cells and beads. Bag 18 and container 24 
were placed on a rotator at 4* C for 20 minutes. 
Then, bag 18 and container 24 were connected to 



a 1 liter Fenwal PL269 tissue culture flask (symbol- 
ized in Fig. 1 as container 34). Following this, bag 
18 and container 24 were reinstalled in upper tray 
42, the hinged presser plates were closed, and the 

5 bag fluid contents were flushed into the tissue 
culture flask 34 while the paramagnetic bead par- 
ticles remain trapped adjacent the magnets. 

Thus, the free lymphocytes which are positive 
to the action of CD4 antibody, have been separated 

70 from other cells in the mixture, and are provided in 
isolated form in the tissue culture flask 34, or, if 
desired, a blood bag 34 as specifically shown in 
Fig. 1. 

Residual cells in the separation set down- 
75 stream from bag 24 are also flushed into flask or 
bag 34 with more physiological saline. 

The cells in flask 34 may be collected by 
centrifugation and resuspended in 100 ml. RPMI 
1640 tissue culture medium containing supplemen- 
20 tal glutamine and placed in a carbon dioxide in- 
cubator for subsequent further study. 

EXAMPLE 2 

25 By means of a process similar to that disclosed 

in Example 1, there may be removed from bone 
marrow cells generally, cells of the following types: 
B-lymphoma, neuroblastoma, breast cancer, or leu- 
kemia cells, when such cells express a tumor asso- 

30 ciated antigen on their surface recognizable by a 
biological attached to the bead particle surface. 
Thus, the process may be used or purifying bone 
marrow cells prior to autologous bone marrow 
transplant. 

35 The bone marrow may be processed through a 

conventional cell separator to extract a mononu- 
clear cell preparation therefrom. This mononuclear 
cell preparation may be incubated with a panel of 
mouse-derived monoclonal antibodies against the 

40 tumor cells, washed to remove excess antibody, 
and then incubated with paramagnetic beads as 
described in Example 1, coated with goat anti- 
mouse antibody to selectively bind the tumor cell 
to the bead. The tumor cell is then removed as in 

45 Example 1 , using a magnetic separator of the type 
disclosed. 

EXAMPLE 3 

50 As an alternative technique of the use of this 

invention, T-lymphocytes may be removed from 
the mononuclear cell preparation described in Ex- 
ample 2 before an allogenic transplant to prevent 
Graft vs. Host Disease. This may be used in the 

55 case where bone marrow grafts are provided for 
the treatment of cancer, or for reconstitution of the 
bone marrow after exposure to radiation apart from 
cancer treatment. In this case, the Mononuclear 
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cell preparation from the bone marrow is treated 
with a mouse monoclonal antibody (for example, 
anti CD3) to tag the T-lymphocyte cells for binding 
by the goat antimouse antibody coated beads. 

EXAMPLE 4 

The mononuclear cell preparation previously 
prepared from bone marrow as in Example 2 may 
also be treated in a manner similar to that de- 
scribed above, making use of a mouse monoclonal 
antibody bonded to the paramagnetic beads to 
allow the selection of pluripotent stems cells from 
the mononuclear cell preparation. The isolated 
stem cells can thus be used for bone marrow 
transplant. This approach could be used to provide 
for autologous bone marrow transplants which are 
substantially free of tumor cells, while suppressing 
Graft vs. Host Disease. Such isolated stem cells 
could also be used for gene therapy, in which 
genes are inserted into the stem cells prior to their 
implantation as a bone marrow transplant. 

EXAMPLE 5 

By a process substantially similar to the pro- 
cess of Example 1, making use of an appropriate 
monoclonal antibody, liver hepatocytes or insulin 
secreting pancreatic beta cells may be isolated and 
thereafter cultured in an appropriate culture me- 
dium to expand the cells for use in organ trans- 
plantation. 

EXAMPLE 6 

By a process similar to that of Example 1, 
making use of an appropriate monoclonal antibody, 
specific populations of cytotoxic T-lymphocytes 
may be selected, such as tetanus-toxoid primed 
lymphocyte cells. These cells can be separated by 
an analogous technique similar to that of Example 
1, manipulated in vitro and transfused to effect 
targeting of the cytotoxic cells to specific B-lym- 
phocytes which mediate autoimmune disease (for 
example, Myasthenia Gravis). In this way, the dis- 
ease mediating cells could be destroyed in situ. 

Claims 

1. An apparatus for the selective separation of a 
specific cell population from a heterogeneous 
cell mixture comprising a container (18) con- 
taining particle means (20) formed from a para- 
magnetic material, said particle means (20) 
having attached thereto a substance capable of 
binding to the specific cell population of said 
cell mixture; a cell flow path (16,22), with the 
container (18) positioned in the flow path 



(16,22) for receiving the cell mixture, such that 
in use said cell mixture intimately contacts, 
and is incubated with, said particle means 
within said container (18) to selectively bind 
5 said specific cell population of said cell mixture 

to said particle means (20), thereby creating a 
particle/cell conjugate; and first and second 
magnetic members (44,46), each positioned 
relative to said flow path, with said second 
w magnetic member (46) being spaced down- 

stream from said first magnetic member 
(16,22), to provide respective magnetic fields 
at fixed locations along said flow path to retain 
said particle/cell conjugate in said fixed loca- 
ls tions and allow remaining, unbound portions of 
said cell mixture to be removed from said 
locations (44), characterised in that said sec- 
ond magnetic member (46) provides a shal- 
lower magnetic field at its associated location, 
20 but has a stronger magnetic holding force at 
its surface than the first magnetic member 
(44). 

2. The apparatus of Claim 1, in which said con- 
25 tainer (18) is a flexible, collapsible container. 

3. The apparatus of any preceding claim, com- 
prising at least a second container (24) down- 
stream of the first container (18), the second 

30 container (24) being flexible and collapsible. 

4. The apparatus of claim 3 in which said second 
container (24) comprises inlet and outlet ports 
at opposed ends thereof, the cross sectional 

35 area of said inlet and outlet ports being no 

more than one-quarter of the cross sectional 
area of said second container (24). 

5. The apparatus of Claim 4 in which said second 
40 container (24) is of hexagonal shape, said inlet 

and outlet ports being positioned at opposed 
corners thereof. 

6. The apparatus of Claim 3, 4 or 5, in which said 
45 second magnetic member (46) is positioned 

adjacent means (42) carrying said second con- 
tainer (24), whereby at least one inner wall 
portion (59) of said second container (24) is 
within the magnetic field of said second mag- 
50 netic member (46), said inner wall portion (59) 

being a said fixed location. 

7. The apparatus of Claim 6 including flat-press- 
ing means (49) to press said collapsible sec- 

55 ond container (24) flat while said inner wall 

portion (59) of said second container (24) is 
within the magnetic field of the second mag- 
netic member (46) to provide a cell flow path 
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thickness of 0.5 to 2.6 mm (0.02 to 0.1 inch) in 
said second container (24) to facilitate separa- 
tion of said particle/cell conjugate from the 
remainder of said cell mixture. 

8. The apparatus of any preceding claim, wherein 
the first magnetic member (44) is positioned 
adjacent means (42) carrying the first con- 
tainer, whereby an inner wall portion (57) of the 
first container (18) is within the magnetic field 
of said first magnetic member (44), said inner 
wall portion (57) of the first container (18) be- 
ing a said fixed location. 

9. The apparatus of any one of Claims 3 to 8 in 
which said second container (24) is sealingly 
and aseptically connected to the first container 
(18), said first magnet member (44) being posi- 
tioned against said the first container (18) and 
said second magnet member (46) being posi- 
tioned against said second container (24). 

10. The apparatus of any preceding claim, com- 
prising a collapsible receptacle (32) down- 
stream of the first container (18). 

11. The apparatus of Claim 10 wherein the first 
container (18) is aseptically connected to said 
receptacle (32), whereby the receptacle (32) is 
positioned to receive processed cells from the 
first container (18) without the need of forming 
a sterile connection therebetween. 

12. The apparatus of Claim 10 or 11, wherein said 
second container (24) is sealingly and asep- 
tically connected to and positioned between 
said first container (18) and said receptacle 
(32). 

13. The apparatus of any preceding claim, com- 
prising a fraction container for use with a cell 
mixture separating means (12), the fraction 
container being positioned upstream of the first 
container (18). 

14. The apparatus of Claim 13, wherein said cell 
mixture is blood and said fraction container is 
a flexible, multiple-chamber insert means for a 
blood cell separation centrifuge, the first con- 
tainer (18) being aseptically connected to the 
insert means to enable a concentrated fraction 
of freshly collected blood cells to be asep- 
tically transferred from said insert means to the 
first container (18) without need of forming a 
sterile connection therebetween. 

15. The apparatus of any preceding claim wherein 
said first magnetic means (44) possesses a 



magnetic field having a reach substantially 
equivalent to the width of the first container 
(18). 

5 16. The apparatus of Claim 15 wherein said first 
magnet (44) possesses a magnetic field having 
a reach of from about one-half an inch to about 
one inch (1 .2 to 2.6 cm). 

w 17. The apparatus of Claim 15 or 16 wherein said 
first magnetic member (44) possesses a mag- 
netic field having a reach of from about one- 
half to about three quarters of an inch (1 .2 to 
1 .9 cm). 

75 

18. The apparatus of any one of Claims 1 to 17, in 
which said paramagnetic particle means (20) 
carry on their surfaces a specific antibody to 
cells selected from the group consisting of B- 

20 lymphoma, neuroblastoma, breast cancer, 

leukaemia, T-lymphocytes, and pluripotent 
stem cells, or are coated with a specific anti- 
body to cells selected from the group consist- 
ing of liver hepatocytes and insulin secreting 

25 pancreatic beta cells. 

19. The apparatus Claim 18, in which said para- 
magnetic particle means (20) carry on their 
surfaces a specific antibody to a specific popu- 

30 lation of cytotoxic T-lymphocytes. 

20. A method for the selective separation of a 
specific population of cells from a mixture of 
cells, the method comprising (a) mixing the 

35 cell mixture with paramagnetic particle means 

(20) in a container (18), the particle means (20) 
having attached thereto a substance capable of 
binding to the specific cell population of the 
mixture only, (b) exposing the container (18) to 

40 a magnetic field to immobilize said particle 

means (20) and the specific population of ceils 
bound thereto, and (c) flowing unbound cells to 
first storage container means (32), whereby the 
first storage container means (32) receives 

45 cells not bound to said particle means (20), 

characterised by flowing cells from the first 
container (18) to a second container (24) at 
step (b), while exposing the first container to a 
first magnetic field, and exposing the second 

50 container (24) to a second magnetic field 

which is shallower than the first magnetic field 
and which has a stronger magnetic holding 
force at the surface of its associated magnet 
than the first magnetic field. 

55 

21. A method according to Claim 20, wherein the 
magnetic field reach of the first magnet (44) is 
substantially equivalent to the width of said 
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first container (18). 

22. A method according to Claim 20 or 21, 
wherein the cell mixture is a blood fraction, 

and further comprising the steps of centrifug- 5 
ing whole blood to separate out the fraction, 
collecting the blood fraction in the first con- 
tainer (18) and sealing said first container (18) 
from the centrifuge. 

70 

23. A method according to Claim 20, 21 or 22, 
further comprising the steps of positioning said 
first and second magnets (44,46) against said 
first and second containers (18,24) respectively 

in order to expose the containers (18,24) to the 75 
magnetic fields. 

24. A method according to any one of Claims 20 
to 23, further comprising stopping flow be- 
tween said second container (24) and said first 20 
storage container means (32); removing said 

first and second containers (18,24) from the 
magnetic field of the respective magnet (44,46) 
and flowing the specific cell population, (20) 
from said first and second containers (18,24) 25 
into a second storage container means (34). 

25. The method of Claim 24, wherein the cells are 
bound to the paramagnetic particle means (20) 
when they are flowed from the containers 30 
(18,24) into the second storage container 
means (34). 

26. The method of Claim 24, further comprising 
disconnecting fluid communication between 35 
said second container (24) and the first storage 
container means (32), removing the binding 
connections between the cells of the specific 
population and the paramagnetic particle 
means (20) so that the specific cell population 40 
is no longer bound to the particle means (20), 

and flowing the cell population into said sec- 
ond storage container means (34) while the 
first and second containers (18,24) are under 
the influence of said magnetic fields, whereby 45 
said particle means (20) are prevented from 
flowing with said cells into the second storage 
container means (34), thereby separating the 
cells from the particle means. 

50 

27. The method of any one of Claims 20 to 26 in 
which said mixture of cells placed in the first 
container having paramegnetic particle means 
is a preparation of mononuclear cells previous- 
ly separated from bone marrow. 55 

28. The method of any one of Claims 20 to 27 
when carried out using apparatus according to 



any one of Claims 1 to 19. 
Paten tans pill che 

1. Vorrichtung zum selektiven Trennen einer spe- 
zifischen Zellpopulation aus einem heteroge- 
nen Zellgemisch, wobei die Vorrichtung auf- 
weist: einen Behalter (18), der Teilchen (20) 
enthSIt, die aus einem paramagnetischen Ma- 
terial gebildet sind, wobei an den Teilchen (20) 
eine Substanz haftet, die fahig ist, an die spe- 
zifische Zellpopulation des Zellgemischs zu 
binden; eine ZelldurchfluBbahn (16, 22), wobei 
der Behalter (18) in der DurchfluGbahn (16, 22) 
positioniert ist, urn das Zellgemisch aufzuneh- 
men, so daG im Gebrauch das Zellgemisch mit 
den Teilchen in dem Behalter (18) in innigen 
Kontakt gelangt und damit inkubiert wird, urn 
die spezifische Zellpopulation des Zellge- 
mischs selektiv an die Teilchen (20) zu binden, 
wodurch ein Teilchen/Zell-Konjugat gebildet 
wird; und ein erstes und ein zweites magneti- 
sches Element (44, 46), die jeweils relativ zu 
der DurchfluGbahn positioniert sind, wobei das 
zweite magnetische Element (46) an der Ab- 
stromseite von dem ersten magnetischen Ele- 
ment (16, 22) beabstandet ist, urn an unveran- 
derlichen Stellen entlang der DurchfluGbahn je- 
weilige Magnetfelder zu bilden, urn das Teil- 
chen/Zell-Konjugat an den unveranderlichen 
Stellen festzuhalten und zuzulassen, daG ver- 
bleibende, ungebundene Teile des Zellge- 
mischs von diesen Stellen (44) entfernt wer- 
den, dadurch gekennzeichnet, daG das zweite 
magnetische Element (46) an seiner zugeord- 
neten Stelle ein seichteres Magnetfeld bildet, 
aber an seiner Oberflache eine groGere ma- 
gnetische Haltekraft als das erste magnetische 
Element (44) hat. 

2. Vorrichtung nach Anspruch 1, wobei der Be- 
halter (18) ein flexibler, kollabierbarer Behalter 
ist. 

3. Vorrichtung nach einem der vorhergehenden 
Anspruche, die mindestens einen zweiten Be- 
halter (24) an der Abstromseite des ersten 
Behalters (18) aufweist, wobei der zweite Be- 
halter (24) flexibel und kollabierbar ist, 

4. Vorrichtung nach Anspruch 3, wobei der zweite 
Behalter (24) an seinen entgegengesetzten En- 
den eine EinlaG- und eine AuslaBoffnung auf- 
weist, wobei die Querschnittsflache der EinlaG- 
und der AuslaBoffnung nicht mehr als ein Vier- 
tel der Querschnittsflache des zweiten Behal- 
ters (24) ist. 
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5. Vorrichtung nach Anspruch 4, wobei der zweite 
Behalter (24) Sechseckgestalt hat, wobei die 
EinlaB- und die AuslaBoffnung an entgegenge- 
setzten Ecken davon positioniert sind. 

6. Vorrichtung nach Anspruch 3, 4 oder 5, wobei 
das zweite magnetische Element (46) angren- 
zend an eine Einrichtung (42), die den zweiten 
Behalter (24) tragt, positioniert ist, wodurch 
mindestens ein Innenwandbereich (59) des 
zweiten Behalters (24) innerhalb des Magnet- 
felds des zweiten magnetischen Elements (46) 
liegt, wobei der Innenwandbereich (59) eine 
genannte unveranderliche Stelle ist. 

7. Vorrichtung nach Anspruch 6, die eine Flach- 
drtickeinrichtung (49) aufweist, urn den kolla- 
bierbaren zweiten Behalter (24) flachzudruk- 
ken, wahrend gleichzeitig der Innenwandbe- 
reich (59) des zweiten Behalters (24) innerhalb 
des Magnetfelds des zweiten magnetischen 
Elements (46) liegt, urn eine ZelldurchfluB- 
bahndicke von 0,5-2,6 mm (0,02-0,1°) in dem 
zweiten Behalter (24) zu bilden, urn das Tren- 
nen des Teilchen/Zell-Konjugats von dem rest- 
lichen Zellgemisch zu erleichtem. 



Verbindung gebildet werden muB. 

12. Vorrichtung nach Anspruch 10 oder 11, wobei 
der zweite Behalter (24) mit dem ersten Behal- 

5 ter (18) und dem Aufnahmebehalter (32) ab- 

dichtend und aseptisch verbunden und dazwi- 
schen positioniert ist. 

13. Vorrichtung nach einem der vorhergehenden 
w Anspruche, die einen Fraktionsbehalter zur 

Verwendung mit einer Zellgemisch-Trennein- 
richtung (12) aufweist, wobei der Fraktionsbe- 
halter an der Aufstromseite des ersten Behal- 
ters (18) positioniert ist. 

15 

14. Vorrichtung nach Anspruch 13, wobei das Zell- 
gemisch Blut ist und der Fraktionsbehalter 
eine flexible Mehrkammer-Einsatzeinrichtung 
fur eine Blutzellen-Trennzentrifuge ist, wobei 

20 der erste Behalter (18) mit der Einsatzeinrich- 

tung aseptisch verbunden ist, urn zu ermogli- 
chen, dafl eine konzentrierte Fraktion von 
frisch gesammelten Blutzellen aus der Einsatz- 
einrichtung in den ersten Behalter (18) asep- 

25 tisch uberfuhrt wird, ohne daB dazwischen eine 

sterile Verbindung gebildet werden muB. 



8. Vorrichtung nach einem der vorhergehenden 
Anspruche, wobei das erste magnetische Ele- 
ment (44) angrenzend an eine Einrichtung (42), 30 
die den ersten Behalter tragt, positioniert ist, 
wodurch ein Innenwandbereich (57) des ersten 
Behalters (18) innerhalb des Magnetfelds des 
ersten magnetischen Elements (44) liegt, wo- 
bei der Innenwandbereich (57) des ersten Be- 35 
halters (18) eine genannte unveranderliche 
Stelle ist. 



15. Vorrichtung nach einem der vorhergehenden 
Anspruche, wobei die erste magnetische Ein- 
richtung (44) ein Magnetfeld hat, dessen 
Reichweite der Breite des ersten Behalters 
(18) im wesentlichen Equivalent ist. 

16. Vorrichtung nach Anspruch 15, wobei der erste 
Magnet (44) ein Magnetfeld hat, das eine 
Reichweite von ca. 1 ,2 bis ca. 2,6 cm (ca. 0,5 
bis ca. 1 ") hat. 



9. Vorrichtung nach einem der Anspruche 3 bis 
8, wobei der zweite Behalter (24) mit dem 
ersten Behalter (18) abdichtend und aseptisch 
verbunden ist, wobei das erste magnetische 
Element (44) an dem ersten Behalter (18) an- 
liegend positioniert ist und das zweite magneti- 
sche Element (46) an dem zweiten Behalter 
(24) anliegend positioniert ist. 



17. Vorrichtung nach Anspruch 15 oder 16, wobei 
40 das erste magnetische Element (44) ein Ma- 
gnetfeld hat, das eine Reichweite von ca. 1,2 
bis ca. 1,9 cm (ca. 0,5 bis ca. 0,75") hat. 

18. Vorrichtung nach einem der Anspruche 1 bis 
45 17, wobei die paramagnetischen Teilchen (20) 

an ihren Oberflachen einen spezifischen Anti- 
korper fUr Zellen tragen, die aus der Gruppe 
ausgewahlt sind, die aus B-Lymphom-, Neuro- 
blastom-, Brustkrebs-, Leukamie-, T-Lympho- 
zyten- und pluripotenten Stammzellen besteht, 
oder mit einem spezifischen Antikorper fur 
Zellen beschichtet sind, die aus der Gruppe 
ausgewahlt sind, die aus Hepatozyten und In- 
sulin sekretierenden pankreatitischen Betazel- 
len besteht. 

19. Vorrichtung nach Anspruch 18, wobei die pa- 
ramagnetischen Teilchen (20) an ihren Oberfla- 



10. Vorrichtung nach einem der vorhergehenden 
Anspruche, die einen kollabierbaren Aufnah- 
mebehalter (32) an der Abstromseite des er- so 
sten Behalters (18) aufweist. 

11. Vorrichtung nach Anspruch 10, wobei der erste 
Behalter (18) mit dem Aufnahmebehalter (32) 
aseptisch verbunden ist, wodurch der Aufnah- 55 
mebehalter (32) positioniert ist, urn verarbeite- 
te Zellen aus dem ersten Behalter (18) aufzu- 
nehmen, ohne daB dazwischen eine sterile 
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Magnetfeld des jeweiligen Magneten (44, 46) 
und FlieBenlassen der spezifischen Zellpopula- 
tion aus dem ersten und dem zweiten Behalter 
(18, 24) in eine zweite Speicherbehaltereinrich- 
5 tung (34). 

25. Verfahren nach Anspruch 24, wobei die Zellen 
an die paramagnetischen Teilchen (20) gebun- 
den werden, wenn man sie aus den Behaltern 

10 (18, 24) in die zweite Speicherbehaltereinrich- 

tung (34) flieBen laBt. 

26. Verfahren nach Anspruch 24, das ferner die 
folgenden Schritte aufweist: Unterbrechen der 

75 Fluidverbindung zwischen dem zweiten BehSil- 

ter (24) und der ersten Speicherbehalterein- 
richtung (32), Entfernen der Bindungs-Verbin- 
dungen zwischen den Zellen der spezifischen 
Population und den paramagnetischen Teil- 
20 chen (20), so daB die spezifische Zellpopula- 

tion nicht mehr an die Teilchen (20) gebunden 
ist, und FlieBenlassen der Zellpopulation in die 
zweite Speicherbehaltereinrichtung (34), wah- 
rend gleichzeitig der erste und der zweite Be- 
25 halter (18, 24) unter dem EinfluB der Magnet- 

felder stehen, wodurch verhihdert wird, daB die 
Teilchen (20) mit den Zellen in die zweite 
Speicherbehaltereinrichtung (34) flieBen, urn 
dadurch die Zellen von den Teilchen zu tren- 
30 nen. 



chen einen spezifischen Antikorper fur eine 
spezifische Population von zytotoxischen T- 
Lymphozyten tragen. 

20. Verfahren zum selektiven Trennen einer spezi- 
fischen Zellpopulation aus einem Zellgemisch, 
wobei das Verfahren die folgenden Schritte 
aufweist: (a) Vermischen des Zellgemischs mit 
paramagnetischen Teilchen (20) in einem Be- 
halter (18), wobei an den Teilchen (20) eine 
Substanz haftet, die fahig ist, nur an die spezi- 
fische Zellpopulation des Gemischs zu binden; 
(b) Aussetzen des Behalters (18) einem Ma- 
gnetfeld, urn die Teilchen (20) und die daran 
gebundene spezifische Zellpopulation zu im- 
mobilisieren, und (c) FlieBenlassen nicht ge- 
bundener Zellen zu einer ersten Speicherbe- 
haltereinrichtung (32), wobei die erste Spei- 
cherbehaltereinrichtung (32) Zellen aufnimmt, 
die nicht an die Teilchen (20) gebunden sind, 
gekennzeichnet durch FlieBenlassen von Zel- 
len aus dem ersten Behalter (18) in einen 
zweiten Behalter (24) in Schritt (b), wahrend 
gleichzeitig der erste Behalter einem ersten 
Magnetfeld ausgesetzt wird, und Aussetzen 
des zweiten Behalters (24) einem zweiten Ma- 
gnetfeld, das seichter als das erste Magnetfeld 
ist und an der OberflSche seines zugeordneten 
Magneten eine groBere magnetische Haltekraft 
als das erste Magnetfeld hat. 

21. Verfahren nach Anspruch 20, wobei die Reich- 
weite des Magnetfelds des ersten Magneten 
(44) der Breite des ersten Behalters (18) im 
wesentlichen Equivalent ist. 35 

22. Verfahren nach Anspruch 20 oder 21, wobei 
das Zellgemisch eine Blutfraktion ist und das 
Verfahren ferner die folgenden Schritte auf- 
weist: Zentrifugieren von Vollblut, urn die Frak- 40 
tion herauszutrennen, Sammeln der Blutfrak- 
tion in dem ersten Behalter (18) und dichtes 
VerschlieBen des ersten Behalters (18) gegen- 
uber der Zentrifuge. 

45 

23. Verfahren nach Anspruch 20, 21 oder 22, das 
ferner die folgenden Schritte aufweist: Positio- 
nieren des ersten und des zweiten Magneten 
(44, 46) anliegend an den ersten bzw. den 
zweiten Behalter (18, 24), urn die Behalter (18, 50 
24) den Magnetfeldern auszusetzen. 

24. Verfahren nach einem der Anspruche 20 bis 
23, das ferner die folgenden Schritte aufweist: 
Unterbrechen des Durchflusses zwischen dem 55 
zweiten Behalter (24) und der ersten Speicher- 
behaltereinrichtung (32); Entfernen des ersten 

und des zweiten Behalters (18, 24) aus dem 



27. Verfahren nach einem der Anspruche 20 bis 

26, wobei das in den ersten Behalter mit pa- 
ramagnetischen Teilchen eingebrachte Zellge- 
misch ein Praparat aus zuvor aus Knochen- 
mark getrennten einkernigen Zellen ist. 

28. Verfahren nach einem der AnsprUche 20 bis 

27, bei dessen Durchfuhrung die Vorrichtung 
nach einem der Anspruche 1 bis 19 verwendet 
wird. 

Revendications 

1. Installation pour la separation selective d'une 
population specifique de cellules d'un melange 
hSterogene de cellules comprenant un conte- 
neur (18) contenant des £l£ments de particules 
(20) formes a partir d'un materiau paramagnd- 
tique, une substance capable de se lier a la 
population specifique de cellules dudit melan- 
ge de cellules etant reliee auxdits elements de 
particules (20) ; un trajet d'Scoulement de cel- 
lules (16, 22), le conteneur (18) etant dispose 
sur le trajet d f 6coulement (16, 22) pour rece- 
voir le melange de cellules, de sorte qu'en 
fonctionnement, ledit melange de cellules est 
en contact etroit et est mis & incuber avec 
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lesdits elements de particules k Tinterieur du- 
dit conteneur (18) afin de lier de fagon selecti- 
ve ladite population specifique de cellules du- 
dit melange de cellules auxdits Elements de 
particules (20), errant ainsi un conjugue parti- 5 
cules/cellules ; et des premier et deuxieme 
elements magnetiques (44, 46), disposes cha- 
cun par rapport audit trajet d'dcoulement, ledit 
deuxieme element magnetique (46) etant espa- 
ce en aval dudit premier Element magnetique w 
(44), pour cr§er des champs magnetiques res- 
pectifs & des emplacements fixes le long dudit 
trajet d'ecoulement afin de retenir ledit conju- 
gue particules/cellules dans ledit emplacement 
fixe et permettre aux parties restantes non 15 
liees dudit melange de cellules d'etre eiimi- 
nees desdits emplacements (44), caracterisee 
en ce que ledit deuxieme element magnetique 
(46) cree un champ magnetique moins profond 
a son emplacement associe, mais presente 20 
une force de maintien magnetique plus impor- 
tante h sa surface que le premier element 
magnetique (44). 

2. Installation selon la revendication 1, dans la- 25 
quelle ledit conteneur (18) est un conteneur 
souple ecrasable. 

3. Installation selon Tune quelconque des reven- 
dications precedentes, comprenant au moins 30 
un deuxieme conteneur (24) en aval du pre- 
mier conteneur (18), le deuxieme conteneur 

(24) etant souple et ecrasable. 



7. Installation selon la revendication 6, compre- 
nant des moyens de presse k plateau (49) 
pour aplatir ledit deuxi&me conteneur ecrasa- 
ble (24) pendant que ladite partie de paroi 
interieure (59) dudit deuxieme conteneur (24) 
est a PintSrieur du champ magnetique du 
deuxieme Element magnetique (46) pour four- 
nir une epaisseur de trajet d'ecoulement de 
cellules de 0,5 & 2,6 mm (0,02 k 0,1 pouce) 
dans ledit deuxieme conteneur (24) pour facili- 
ter la separation dudit conjugue parti- 
cules/cellules du reste dudit melange de cellu- 
les. 

8. Installation selon Tune quelconque des reven- 
dications precedentes, dans laquelle le premier 
element magnetique (44) est place pres de 
moyens (42) portant !e premier conteneur (24), 
une partie de paroi interieure (57) du premier 
conteneur (18) etant & Tinterieur du champ 
magnetique dudit premier element magnetique 
(44), ladite partie de paroi interieure (57) du 
premier conteneur (18) etant audit emplace- 
ment fixe. 

9. Installation selon Tune quelconque des reven- 
dications 3 & 8, dans laquelle ledit deuxieme 
conteneur (24) est relie de fagon etanche et 
aseptique au premier conteneur (18), ledit pre- 
mier element magnetique (44) etant place 
contre ledit premier conteneur (18) et ledit 
deuxieme element magnetique (46) etant place 
contre ledit deuxieme conteneur (24). 



4. Installation selon la revendication 3, dans la- 35 
quelle ledit deuxieme conteneur (24) comprend 

des orifices d'entree et de sortie a ses extre- 
mites opposees, I'aire de la section transversa- 
le desdits orifices d'entree et de sortie ne 
depassant pas un quart de I'aire de la section ao 
transversale dudit deuxieme conteneur (24). 

5. Installation selon la revendication 4, dans la- 
quelle ledit deuxieme conteneur (24) est de 
forme hexagonale, lesdits orifices d'entree et 45 
de sortie etant places a des angles opposes 

de celui-ci. 

6. Installation selon la revendication 3, 4, ou 5, 
dans laquelle ledit deuxieme element magneti- 50 
que (46) est place pres de moyens (42) portant 
ledit deuxieme conteneur (24), au moins une 
partie de paroi interieure (59) dudit deuxieme 
conteneur (24) etant a I'interieur du champ 
magnetique dudit deuxieme element magneti- 55 
que (46), ladite partie de paroi interieure (59) 
etant audit emplacement fixe. 



10. Installation selon I'une quelconque des reven- 
dications precedentes, comprenant un reci- 
pient ecrasable (32) en aval du premier conte- 
neur (18). 

11. Installation selon la revendication 10, dans la- 
quelle le premier conteneur (18) est retie de 
fagon aseptique audit recipient (32), le reci- 
pient (32) etant place pour recevoir des cellu- 
les traitees provenant du premier conteneur 
(18) sans necessite de former une connexion 
sterile entre eux. 

12. Installation selon la revendication 10 ou 11, 
dans laquelle ledit deuxieme conteneur (24) 
est relie de fagon etanche et aseptique audit 
premier conteneur (18) et audit recipient (32) 
et est place entre eux. 

13. Installation selon I'une quelconque des reven- 
dications precedentes, comprenant un conte- 
neur de fraction a utiliser avec des moyens de 
separation de melange de cellules (12), le 
conteneur de fraction etant place en amont du 
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premier conteneur (18). 

14. Installation selon la revendication 13, dans la- 
quelle ledit melange est du sang et ledit conte- 
neur de fraction est un moyen souple a insert 5 
a chambres multiples pour une centrifugeuse 

de separation de cellules sanguines, le premier 
conteneur (18) etant re\\6 de fagon aseptique 
au moyen souple & insert pour permettre & 
une fraction concentree de cellules sanguines 10 
fraichement recueillies d'etre transferee de fa- 
gon aseptique dudit moyen h insert au premier 
conteneur (18) sans n^cessite de former une 
connexion sterile entre eux. 

75 

15. Installation selon Tune quelconque des reven- 
dications pr6c6dentes, dans laquelle ledit pre- 
mier element magnetique (44) possede un 
champ magnetique presentant une etendue 
sensiblement equivalente & la largeur du pre- 20 
mier conteneur (18). 

16. Installation selon la revendication 15, dans la- 
quelle ledit premier element magnetique (44) 
possede un champ magnetique pr§sentant une 25 
etendue d'environ un demi-pouce a environ un 
pouce (1 ,2 & 2,6 cm). 

17. Installation selon la revendication 15 ou 16, 
dans laquelle ledit premier element magneti- 30 
que (44) possede un champ magnetique pre- 
sentant une portee d'environ un demi a envi- 
ron trois quarts d'un pouce (1 ,2 & 1 ,9 cm). 

18. Installation selon Tune quelconque des reven- 35 
dications 1 k 17, dans laquelle lesdits ele- 
ments de particules paramagnetiques (20) por- 
tent sur leurs surfaces un anticorps specifique 

des cellules choisies parmi le groupe constitue 
des B-lymphome, neuroblastome, cancer du 40 
sein, leucemie, T-lymphocytes, et cellules ti- 
gees pluripotentes, ou sont revetus d'un anti- 
corps specifique de cellules choisies parmi le 
groupe constitue des hepatocytes et des cellu- 
les pancreatiques beta secretant de I'insuline; 45 

19. Installation selon la revendication 18, dans la- 
quelle lesdits elements paramagnetiques (20) 
portent sur leurs surfaces un anticorps specifi- 
que d'une population specifique de T-lympho- so 
cytes cytotoxiques. 

20. Procede pour la separation selective d'une po- 
pulation specifique de cellules d'un melange 

de cellules, le procede comprenant (a) le me- 55 
lange du melange de cellules avec les ele- 
ments de particules paramagnetiques (20) 
dans un conteneur (18), une substance capa- 



ble de se lier uniquement & la population de 
cellules specifique du melange etant reliee aux 
elements de particules (20), (b) ['exposition du 
conteneur (18) & un champ magnetique pour 
immobiliser lesdits elements de particules (20) 
et la population specifique de cellules qui y est 
liee, et (c) recoupment des cellules non liees 
vers le premier moyen de conteneur de stoc- 
kage (32), moyennant quoi le premier moyen 
de conteneur de stockage (32) regoit des cel- 
lules non liees auxdits elements de particules 
(20), caracterise par recoupment des cellules 
du premier conteneur (18) vers un deuxieme 
conteneur (24) & retape (b) tout en exposant le 
premier conteneur & un premier champ ma- 
gnetique, et I'exposition du deuxieme conte- 
neur (24) a un deuxifeme champ magnetique 
qui est plus superficiel que le premier champ 
magnetique et qui presente une force de main- 
tien plus importante & la surface de son ele- 
ment magnetique associe que le premier 
champ magnetique. 

21. Procede selon la revendication 20, dans lequel 
retendue du champ magnetique du premier 
element magnetique (44) est sensiblement 
equivalente a la largeur dudit premier conte- 
neur (18). 

22. Procede selon la revendication 20 ou 21 , dans 
lequel le melange de cellules est une fraction 
sanguine, et comprenant en outre les etapes 
consistant a centrifuger la totallte du sang pour 
extraire la fraction, recueillir la fraction sangui- 
ne dans le premier conteneur (18) et isoler 
hermetiquement ledit premier conteneur (18) 
de la centrifugeuse. 

23. Procede selon ia revendication 20, 21 ou 22, 
comprenant en outre les etapes consistant & 
placer lesdits premier et deuxieme elements 
magnetiques (44, 46) contre lesdits premier et 
deuxieme conteneurs (18, 24) respectivement 
dans le but d'exposer les conteneurs (18, 24) 
aux champs magnetiques. 

24. Procede selon Tune quelconque des revendi- 
cations 20 a 23, comprenant en outre I'arret de 
recoupment entre ledit deuxieme conteneur 
(24) et ledit premier moyen de conteneur de 
stockage (32) ; le retrait desdits premier et 
deuxieme conteneurs (18, 24) du champ ma- 
gnetique de reiement magnetique respectif 
(44, 46) et recoupment de la population speci- 
fique de cellules (20) desdits premier et 
deuxieme conteneurs (18, 24) dans un deuxie- 
me moyen de conteneur de stockage (34). 
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25. Procede selon la revendication 24, dans lequel 
les cellules sont liees aux elements de parti- 
cules paramagnetiques (20) quand ils s'ecou- 
lent des conteneurs (18, 24) dans le. deuxieme 
moyen de conteneur de stockage (34). 5 

26. Procede selon la revendication 24, comprenant 
en outre la coupure de la communication de 
flulde entre ledit deuxfeme conteneur (24) et le 
premier moyen de conteneur de stockage (32), 70 
le retrait des connexions de liaison entre les 
cellules de la population specifique et les ele- 
ments de particules paramagnetiques (20) de 
sorte que la population specifique de cellules 
n'est plus Ii6e aux elements de particules (20), 75 
et I'ecoulement de la population de cellules 
dans ledit deuxieme moyen de conteneur de 
stockage (34) pendant que les premier et 
deuxieme conteneurs (18, 24) sont sous I'in- 
fluence desdits champs magnetiques, moyen- 20 
nant quoi lesdits elements de particules (20) 
sont empeches de s'ecouler avec lesdites cel- 
lules dans le deuxieme moyen de conteneur 

de stockage (34), separant ainsi les cellules 

des elements de particules. 25 

27. Procede selon Tune quelconque des revendi- 
cations 20 & 26, dans lequel ledit melange de 
cellules place dans le premier conteneur com- 
prenant des elements de particules parama- 30 
gnetiques est une preparation de cellules 
mononucleates prealablement separees de la 
moelle osseuse. 

28. Procede selon Tune quelconque des revendi- 35 
cations 20 & 27, quand il est mis en oeuvre en 
utilisant Installation selon Tune quelconque 

des revendications 1 a 19. 



17 



EP 0 438 520 B1 



FIG. I 




18 



EP 0 438 520 B1 




EP 0 438 520 B1 




EP 0 438 520 B1 




EP 0 438 520 B1 



72- 



FIG. 5 



66 



44- 



64 



44- 



-68 





'////W//m////////777?77f777 l 






56 



•70 



57 66 ^ f £1? 



FIG. 6 



76 



J 
74 



7£ 



FIG. 7 



45- 




22 



